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PRESSURE DISTRIBUTIONS AND AERODYNAMIC CHARACTERISTICS
OF SEVERAI SPOILER CONTROLS ON A 40° SWEPTBACK
WING AT A MACH NUMBER OF 1.61

By Emma Jean Landrum and K. R. Czarneckl
SUMMARY

An investigation has been made at a Mach number of 1.61 to determine
the pressure distributions and aerodynamic characteristics of a series
of five spoiler controls on a 40° sweptback wing having an aspect ratio
of 3.1 and a taper ratio of 0.4. Wing angle-of-attack range for these
tests was -150 to 15°. The Reynolds number was 3.6 X lO6 based on the
mean aerodynamic chord of 11.72 inches.

Incremental pressure distributions due to the spoilers were 1n good
agreement with previous flat-plate results and also with the results of
tests of similar spoilers on a trapezoldal wing. The location of the
spoiler apex determined the most forward influence of the spoilers on
the pressures. The spanwise normal-force and pitching-moment loadings
due to the spoillers were dependent on the relative location of the spoiler
to the wing trailing edge, on spoiler sweep angle, on whether the spoiler
was stepped, and on wing angle of attack. For all the spoiler configura-
tions that were tested exclusive of the half-span trailing-edge spoiler
there was decreased stgbility in the high negative angle-of-attack range.
Spoiler effectiveness in reducing wing 1ift and bending-moment coeffi-
cients generally was greatest for the full-span swept spoiler and least
for the half-span unswept spoiler. The spoilers generally had little
effect on the wing pitching moment except at the largest negative angles
of attack and except for the trailing-edge spoiler.

INTRODUCTION

As part of a general program of research on controls, an investi-
gation has been made in the Langley 4- by 4-foot supersonic pressure
tunnel to determine the important parameters in the design of controls
for use on a 40° sweptback wing at supersonic speeds. The tabulated
pressure data from the investigation are presented in reference 1.
Several control configurations were investigated as follows: six flaps,



one horn balance, one tip control, one lower-surface spoller, and five
upper-surface spoilers. All controls were mounted on a wing having 40°
sweepback of the quarter-chord line, an aspect ratio of 3.1, and a
taper ratio of 0.k.

An analysis of the pressure distributions obtained on eight movable-
control conflgurations has been presented in reference 2. The purpose
of this report is to present an analysis of the pressure distributions
and integrated coefficlents obtained on the five upper-surface spoiler
controls.

The wing angle-of-attack range for these tests was -15° to 15°.

Reynolds number was 3.6 X lO6 based on the mean aerodynamic chord of
11.72 inches for the test Mach number of 1.61.

SYMBOLS

(Normal force)(cos a)

Cy, 1ift coefficient,
gS

Cp root bending-moment coefficient, B

' 2g5b

. . s s M!
Cn pitching-moment coefficient, ———
qS(MAC)

cm section pitching-moment coefficient (taken about quarter

chord of mean aerodynamic chord)

Cp section normal-force coefficient
Cp pressure coefficient, Ela:;g

B semispan wing-root bending moment
b/2 wing semispan

c wing chord

c wing average chord

L semispan-wing 1ift

M stream Mach number



m! semispan-wing pitching moment about quarter chord of mean
aerodynamic chord

i) stream static pressure
P, local surface pressure
a stream dynamlc pressure
R Reynolds number based on mean aerodynamic chord
S semispan-wing area
X distance in chordwise direction from wing leading edge
y distance in spanwise direction from wing-root chord
o wing angle of attack, deg
A prefix indicating increment due to spoiller
APPARATUS
Wind Tunnel

This investigation was conducted in the langley 4- by L-foot super-
sonic pressure tunnel at a Mach number of 1.61. During the tests the
dewpolint was kept below -20° F so that the effects of water condensa-
tion in the supersonic nozzle were negligible.

Model and Model Mounting

The model used in this investigation consisted of a sweptback
semispan wing with spoilers mounted at various locations on the upper
surface of the wing as shown in figure 1. (The model numbers used in
this paper correspond to those of ref. 1.) The spoilers had the same
cross sections but different spans and sweep angles. Because a suf-
ficient number of pressure tubes to instrument both surfaces of the
model could not be brought through the torque tube, orifices were
installed on only the upper surface. The chordwise and spanwlse loca-
tions of the upper-surface pressure orifices are given in table 1.

The wing had 400 sweepback along the 25-percent-chord line, a root
chord of 15.88 inches, a tip chord of 6.17 inches, a semispan of



17.02 inches, an aspect ratio of 3.1, and a taper ratio of O0.4. The
wing section was 5 percent thick and was made up of a rounded NACA
65-series section extending from the leading edge to the 4O-percent-
chord line and a flat section, 0.79 inch thick at the root tapering to
0.31 inch thick at the tip, extending from the L4O-percent-chord line
to the trailing edge.

The wing was constructed of steel with the pressure tubes installed
in grooves in the upper surface and faired over with plastic. The
spoilers were constructed of l/l6—inch steel. The trailing edge of the
wing was formed by maintaining the flap control at zero deflection.

The semispan wing was mounted horizontally in the tunnel from &
turntable in a steel boundary-layer bypass plate which was located ver-
tically in the test section about 10 inches from the tunnel wall.

TESTS AND TEST PROCEDURES

Arigle of attack was changed by rotating the turntable on which the
wing was mounted. Since the angular deflection of the wing under load
was negligible, the angle of attack was measured by a vernier on the
outside of the tunnel. The pressure distributions were determined from
photographs of multitube manometer boards to which the leads from the
model orifices were attached.

The angle-of-attack range for the tests was -15° to 15° at 30
increments. The tests were made at a tunnel stagnation pressure of
13 lb/sq in. abs at a Mach number of 1.61, corresponding to a Reynolds

number of 3.6 X lO6 based on the mean aerodynamic chord of 11.72 inches.

In order to insure a turbulent boundary layer over the model,
1/k-inch-wide strips of No. 60 carborundum grains were attached to both
the upper and lower. surfaces a short distance back from the leading edge.
These strips completely spanned the model except within 1/4 inch of the
orifice stations.

PRECISION OF DATA

The mean Mach number in the region occupied by the model is esti-
mated from calibrations to be 1.61 with local variations of less than
+0.02. Tunnel calibrations do not show evidence of any significant flow
angularities. The estimated accuracy in setting wing angle of attack
is #0.05°. The measured pressure coefficients are believed to be accu~
rate within *0.01.



RESULTS AND DISCUSSION

Pressure Distributions

Basic distributions.- Upper-surface pressure distributions for
each spoiler configuration at angles of attack of -12°, 0°, and 12° are
presented in figures 2 to 6. In order that the changes due to the
spoller can be more readily seen, the corresponding pressure distribu-
tions for the no-spoiler condition are included 1n each figure.

For the wing without a spoiler, sharp pressure increases or
decreases occur at the location of the leading edge of a full-span plain
flap which forms the trailing edge of the wing. These discontinuities
in pressure are most pronounced at angle of attack and result primarily
from the bending deflection of the trailing-edge flap relative to the
wing under load. The influence of these pressure discontinuities on
the aerodynamic characteristics is negligible.

In general, the incremental pressure distributions due to the
spollers were in good agreement with previous flat-plate results
(ref. 3), with the results of tests of similar spoilers on a trapezoidal
wing (ref. 4), and with the data of reference 5. For all the configura-
tions in the present investigation as in the previous investigation,
flow separation, which occurs some distance ahead of the spoiler face,
causes a rapid rise in pressure followed by a region of relatively con-
stant pressure up to the spoiler face. At the spoiler, a rapid accel-
eration of the flow results in a negative-pressure peak which in turn
is followed by a recompression of the flow in which the pressure
approaches that for the spoiler-off configuration at some distance down-
stream. For the trailing-edge spoiler configuration (fig. 6), of
course, the negative-pressure region and the recompression occur down-
stream of the wing.

As the wing angle of attack is increased and the local Mach number
is increased, the separation point moves slightly rearward and the ini-
tial pressure rise decreases. (See figs. 2 to 6.) The rearward move-
ment of the separation point with Mach number was shown in reference 3
and also occurred in tests of spollers on a trapezoidal wing in ref-
erence 4. Because this rearward movement is slight the effect on the
pressure rise is very small. There are two primary reasons for the
decrease in pressure rise with inecreasing angle of attack. First, as
the local Mach number is increased for a given separation angle, the
pressure rise tends to decrease in terms of the local dynamic pressure.
Secondly, as the local Mach number increases the local dynamic pres-
sure decreases 1inasmuch as the stagnation conditions essentially remain
the same.



Immediately downstream of the spoilers, there is only a slight
increase in the negative pressures with increase in angle of attack.
In most cases, the acceleration at the spoiler approaches the vacuum
pressure (which is CP = -0.55) at positive angles of attack. Further

downstream, the recompression is much greater at the negative angles of
attack as might be expected because of the higher pressure from which
the initial disturbance started and to which the flow tends to return.

Configuration effects.- A comparison of figures 2 and 3 shows that
reducing the spoiler span from 100 to 53 percent of the wing semispan
has no effect on the pressures at orifice stations 1 to 3 and only a
small effect on those at station 4, which for the half-span swept spoiler
is close to the spoiller outboard edge and hence slightly influenced by
end effects. Outboard of the half-span swept spoiler (stations 5 to T)
the influence of the spoiler on the local pressure diminishes with out-
ward movement along the span as would be expected. There appears to be
a merging of the influences of the positive-pressure increments ahead
of the spoiler with those of the negative~pressure increments behind;
this leads to a gradual weakening of the positive- and negative-pressure-
increment regions rather than to the simple sweeping back of the unal-
tered pressure fields toward the wing trailing edge. As the angle of
attack is increased the flow-acceleration effects of the half-span
spoiler over the outboard portion of the wing tend to disappear and
only the influence of the separation pressure (positive increments) can
be seen. These trends result in a smaller decrease in spoiler effec-
tiveness than might be anticipated from the magnitude of the reduction
in spoiler span alone.

The effects of sweeping a half-span spoiler can be seen by com-~
paring figures 3 and 4. In general (also shown in ref. 3) the effect
of sweep 1s to broaden both the positive-pressure region ahead of and
the negative-pressure region behind the spoiler and to decrease the
agnitudes of the maximum positive or negative pressures with outboard
movement along the span. Outboard of the spoilers was a tendency for
the influence of the unswept spoiler to diminish more rapidly than that
of the swept spoiler particularly at positive angles of attack. For
the unswept spoiler the outboard movement along the span results in a
large increase in the negative-pressure-increment region to the rear of
the spoiler because of the sweepback of the wing tralling edge. Inas-
much as the recompression is generally not completed before the wing
trailing edge is reached, there is a tendency for ihe negative-pressure
reglons behind the spoiler to cancel more of the negative 1lift ahead of
the spoiler. This cancellation results in a decreasing effectiveness
of the spoller outboard along the spoiler span. This effect is not
present for the swept spoiler investigated. Also, because the spoiler
end effect appears to be stronger on the unswept spoiler and appears to
accelerate the recompression to the rear of the spoiler, the loss in



relative effectiveness for the unswept spoiler at station 4 1s less than
the loss at station 3.

Changing the half-span swept spoiler configuration to a half-span
step spoller configuration, where the individual segments have no sweep
but are swept relative to one another along the same sweep line as for
the swept spoller, generally decreased the size of the positive-pressure
region shead of the spoiler. (Compare figs. 3 and 5.) The change did,
however, appear to reduce progressively the negative-pressure region
behind the spoiller with irhoard movement along the spoiler span. Out-
board of the spollers the effect of the step spoiler was generally smaller
than that of the swept spoiler, particularly in the zero- and positive-
angle-of-attack region.

The half-span trailing-edge spoiler (fig. 6) has a sweep angle
between that of the half-span unswept spoiler (fig. 4) and that of the
half-span swept spoiler (fig. 3). As expected, the characteristics of
the pressures ahead of the trailing-edge spoiler lie between those of
the half-span swept and half-span unswept spoilers. Of course, for the
trailing-edge spoller there is no detrimental effect of a negative-
pressure region behind the spoiler as in the case of the other two
spoilers.

Forward influence of spoilers.- Of interest in connection with the
discussion of spoiler pressure fields is the effect of spoiler configur-
ation on the most forward influence of the spoiler across the span. In
order to illustrate this effect, the chordwise locations of the points
where the pressure rise due to separation first appears at each spanwise
station are plotted on the basic-wing plan form in figure T for the full-
span and half-span swept spoilers (configurations 21 and 22, respectively)
and for the half-span unswept spoiler (configuration 23).

The data indicate that for the unswept spoiler the variation across
the spoiler span of this forward influence is somewhat less than that
for the swept configurations. Outboard of the half-span spoilers there
is little difference between any of the configurations. At a = -12°
the influence of all the spollers reaches the wing leading edge at about
half span. At a = 12° the lack of points for the half-span configura-
tions on the outboard half of the wing signifies the virtual disappear-
ance of the disturbances rather than the pressure rise reaching the
leading edge. (See figs. 3(c) and 4(e)). In general, it appears that
the forward influence of a swept spoiler near the apex does not extend
as far forward as the influence of the unswept spoiler. Farther out
along the spoiler span the reverse is true. These results are in agree-
ment with those presented in figure 5 of reference 3.

For the swept configurations there is little or no influence of
spoiler span throughout the angle-of-attack range. This result suggests



that the forward influence of the spoiler across the wing span is deter-
mined by the location of the apex of the spoiler rather than by the
individual spanwise sections for the spoiler sweep angles and Mach num-
ber under discussion.

The small effect of angle of attack on the forward influence of the
full-span swept spoiler is shown in figure 8.

Spanwise Loadings

Basic loadings.- The spanwise normal-force and pitching-moment
loadings for the various test configurations, determined by a step
integration of the chordwise pressure distributions, are presented in
figures 9 and 10, respectively. The contributlon of the lower-surface
pressures to these loadings was determined from the pressure distribu-
tions of the basic configuration without the spoilers. Examination of
the results obtained on this configuration with the trailing-edge flap
control deflected indicates that there is little, if any, effect of one
surface of the wing on the other, even for the case where the shock
from the apex of the control passes over the leading edge of the wing.
In order to examine the loadings due to the spollers in greater detail,
the incremental spanwise normal-force and pitching-moment loadings are
presented in figures 11 and 12, respectively.

In general, the spollers tested decreased the normal-force loading
over the span of the spoiler as was desired (fig. 11). The half-span
unswept spoiler (fig. 11(c)), however, did exhibit a lack of effective-

ness at station 3 (—%— = 0.558) throughout the angle-of-attack range
b/2

owing to the increasing distance from the spoiler to the wing trailing
edge with outboard movement along the span. This region is influenced
by the negative-pressure increments resulting from the incompleted
recompression of the flow behind the spoiler as was described previously.

At station 4 (g§— = 0.506) the spoiler has recovered its effectiveness
2

because of the influence of spoiler end effects. In the light of this

reasoning the negative increment in 1ift measured at station 1 for the

unswept spoiler appears too low. The explanation lies in the influence

of the boundary layer of the wing mounting plate. A similar effect may

be expected at a wing-fuselage Juncture.

At very high negative angles of attack most of the configuratilons
showed positive increments in normal force on the outboard wing stations
(fig. 11), possibly because of some limitations imposed by the positive-
pressure region reaching the wing leading edge. At high positive angles
of attack the full- and half-span swept spoilers indicated an increased



negative 1lift effectiveness in the neighborhood of station 5

(—%— = 0.670). This effect can be ascribed to the high negative pres-
b/2

sures existing on the basic wing in this region which practically elim-
inates the appearance of the negative-pressure region behind the spoiler
when the spoiler was installed.

The increment in pitching moment contributed by the spoilers when
referred to the quarter-chord point of the mean asrodynamic chord was
generally small for all the spoiler configurations with the exception
of the trailing-edge spoiler at positive angles of attack and on the
inboard half of the wing (fig. 12). On the outboard half of the wing
the increments in spoiler pitching moments tended to be more positive
in this o range, which indicated that the effective center of pressure
of the increments in pressure due to the spoiler was to the rear of the
moment center. As o was decreased the spoiler pitching-moment incre-
ments became negative across the complete wing span. Because of the
more rearward location of the trailing-edge spoiler relative to the moment
center (fig. 12(e)), the contribution of the spoiler to the pitching
moment is always positive, but becomes smaller as a 1is increased.

Configuration effects.- A comparison of the spanwise normal-force
coefficients for the full- and half-span swept spoilers (figs. 11(a)
and 11(b), respectively) indicates identical characteristics over the
inboard half of the wing and only a small decrease in normal-force
increment due to the half-span spoiler over the outboard half. This
trend results from the aforementioned more rapid disappearance of the
negative-pressure increments relative to the positive-pressure influence.
The same trend is reflected in the distributions of the spanwise
pitching-moment increment (figs. 12(a) and 12(b)).

Sweeping the half-span spoller increases its effectiveness in pro-
ducing negative Lifting increments across the span, generally, and
eliminates the loses in effectiveness due to the increasing distance of
the unswept spoiler relative to the wing trailing edge. (See figs. 11(b)
and 11(c).) The effect of sweeping the half-span spoiler on the
pitching-moment distribution was small except on the outboard half of
the wing span.

In comparison with the swept and unswept half-span spoilers, the
half-span trailing-edge spoiler, with a spoiler sweepback angle between
that of the swept and unswept spoilers, produced the largest increments
in negative 1lift over the spoiler span (compare figs. 11(b), 1i(ec), ~
and 11(e)) because of the absence of negative pressures behind the
spoiler. The trailing-edge spoiller generally also indicated the largest
relative loss in effectiveness in 1ift carryover outboard of the spoiler
control because of the short distance required to sweep the spoiler
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effect off the wing. At negative angles of attack, nevertheless, the
spoiler influence appears to extend close to the wing tip. This effect
results from the lower Mach number on the upper surface of the wing in
the negative angle-of-attack range. As has already been noted, the
pitching-moment increments of the tralling-edge spoller are considerably
more positive than those of the swept and unswept half-span spoilers.
(See figs. 12(b), 12(c), and 12(e).)

Angle-~of-attack effects.- The effects of changes in angle of attack
on the section normal-force and pitching-moment increments are presented
in figure 13. Some of the effects have already been pointed out in the
discussion of the span loadings and need not be covered in detail. Some
of the trends, however, can be seen much more clearly in this form.

With the exception of the traililing-edge spoller, all configura-
tions tested tended to show an increase in the negative 1lift effective-
ness as o was increased from the largest negative values toward zero.
As o was increased still further in the positive angle-of-attack
region, the section normal-force effectiveness remained constant for
the full-span swept spoiler and over the inboard half of the wing for
the half-span swept spoiler. For the half-span swept spoller the effec-
tiveness decreased with angle of attack near the wing tip. The half-
span unswept spoiler had.angle-of-attack trends similar to those for
the half-span swept spoiler. The half-span stepped spoiler, on the
other hand, showed a tendency for nearly all the statlions to lose effec-
tiveness with increasing values of a. In contrast with the other con-
figurations, the trailing-edge spoiler generally lost effectiveness
with increasing values of « 1in the negative angle-of-attack range and
showed the largest losses in negative 1lift effectiveness over the
spoiler span in the positive angle-of-attack range.

The increments in section pitching moment due to the spoilers show
related trends. With the exceptlion of the trailing-edge spoiler, all
configurations show increasingly positive moment increments with
increasing values of o 1in the negative angle-of-attack range. 1In the
positive angle-of-attack range this increase in pitching moment con-
tinued at a very much rsduced rate or disappeared. For the trailing-
edge spoiler the results generally indicated a decreasing or more nega-
tive increment in section moment with increasing values of a« through
the entire angle-of-attack range.

Integrated Coefficients

Total coefficients.- The variations of 1lift, bernding-moment, and
pltching-moment coefficients with angle of attack are presented in fig-
ure 14 for the test configurations with and without the spoilers. These
coefficlents were obtained by integration of the spanwise-loading plots
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shown in figures 9 and 10. The most noteworthy effect indicated in fig-
ure 14 is the decreased stability at the high negative angles of attack
for all spoiler configurations except for the trailing-edge spoiler.

For an airplane having a small margin of stabllity this could present a
problem when the spoiler is extended.

Incremental coefficients.- The effect of configuration changes on
spoller effectivenees can be seen more readily in figures 15 to 18 which
show the variations of incremental 1ift, bending-moment, and pitching-
moment coefficients with angle of attack.

Spoiler effectiveness in reducing wing lift and bending moment
generally was greatest for the full-span swept spoiler and least for the
half-span unswept spoiler. Angle-of-attack effects on the spoliler effec-
tiveness were variable. The incremental pitching moments due to the
spoilers were small or negligible, with the exception of those of the
trailing-edge configuration, over most of the angle-of-attack range;
there was, however, a change to a more negative moment at the highest
negative angles of attack.

In general, reducing spoiler span from 100 to 53 percent of the
wing semispan had less effect on the incremental coefficients than might
have been expected for the size of the reduction (fig. 15). In addition,
the effect on Cp 1s much less than it is for the other coefficients

except at the high positive angles of attack.

The effect of reducing spoiler sweep is shown in figure 16. The
half-span swept spoiler shows more 1ift and bending-moment effectiveness
than the half-span unswept spoiler. Incremental pltching-moment coef-
ficient becomes more positive for the swept-spoiler configuration. QThe
half-span step spoiler retains some of the 1lift and bending-moment effec-
tiveness of the swept-spoiler configuration at the larger negative angles
of attack but approaches the effectiveness of the unswept-spoiler con-
figuration as o 1s increased. In the negative angle-of-attack range
the incremental pitching-moment coefficient is more positive for the step
spoiler than for the swept spoiler but is about the same as that for the
unswept spoiler at the higher positive angles of attack.

The half-span trailing-edge spoiler is compared with the half-span
swept spoiler in figure 17 and with the half-span unswept spoiler in
figure 18. 1In each case, the trailing-edge spoiler produces more lifting
effectiveness at the negative angles of attack. At positive angles of
attack the lifting effectiveness for the trailing-edge spoiler is the
same as that for the swept spoiler and better than that for the unswept
spoller. Bending-moment effectiveness for the trailing-edge spoiler is
not as good as that for the swept spoiler at o > -4°, although at the
more negative angles of attack the incremental bending-moment coeffi-
cient for the trailing-edge spoiler is more negative than that for the

R
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swept spoiler. However, for the trailing-edge spoiler the incremental
bending-moment coefficient is more negative throughout the o range
than it is for the unswept spoiler. The large positive increments in
pitching-moment coefficient for the tralling-edge spoiler are due to
the location of the spoiler with respect to the center-of-gravity loca-
tion which is the quarter chord of the mean aerodynamic chord.

CONCLUSIONS

An investigation has been made at a Mach number of 1.61 to examine
the characteristics of several spoiler-type controls on a 40° sweptback
wing. From an analysis of the chordwise pressure distributions, spanwise
loadings, and integrated coefficients, the following conclusions may be
made:

1. The incremental pressure distributions due to the spoilers were
in good agreement with previous flat-plate results and with the results
of tests of similar spollers on a trapezoidal wing.

2. The effect of angle of attack on the pressures measured ahead
of a spoiler was to decrease the magnitude of the incremental pressure
rise due to the spoiler as the angle of attack was increased. Angle of
attack had little effect on the negative pressures Jjust behind a spoiler
but did alter the relative magnitude of the recompression pressures fur-
ther downstream.

3. Outboard of the half-span spoilers the influence of the negative-
pressure region behind the spoiler appeared to deteriorate more rapidly
than that of the positive pressure region ahead of the spoiler with out-
ward movement along the span.

L. The most forward influence across the wing span of the more
highly swept spoilers was determined by the location of the spoller apex
and was not affected by spoiler span.

5. In general, the spanwise normal-force loading due to the spoilers
was dependent upon the relative location of the spoiler to the wing
trailing edge, on spoller sweep angle, on whether the spoiler was stepped,
and on wing angle of attack. Outboard of the half-span spollers there
was a considerable carryover of normal force due to the spoilers.

6. The contribution of the spoilers to the wing pitching moments
was dependent upon the same parameters. On the outboard half of the
wing, beyond the half-span spoilers, the section pitching moments were
strongly influenced by load carryover.
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T. For all the spoiler configurations that were tested exclusive
of the configuration with the half-span trailing-edge spoiler there was
decreased stability in the high negative angle-of-attack range.

8. Spoiler effectiveness in reducing wing 1lift and bending moment
generally was greatest for the full-span swept spoiler and least for the
half-span unswept spoiler. Angle-of-attack effects on the spoiler effec-
tiveness were variable.

9. The incremental pitching moments due to the spollers were small
or negligible, with the exception of those of the trailing-edge configu-
ration, over most of the angle-of-attack range; there was, however, a
change to a more negative moment at the highest negative angles of attack.
The pitching-moment contribution of the trailing-edge spoiler was fairly
large and positive throughout the angle-of-attack range.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., December 4, 1959.
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TABLE 1.- CHORDWISE AND SPANWISE LOCATION O UPPER-SURFACE ORIFICE STATIONS

Values of x/c

at station -

1 2 3 b 5 6 7
Orifice
- v - A A A J_ = A
e 0.015 o 0.168 vz 0.338 Yz 0.506\]0/2 0.670 o/ 0.834 E 0.997

1 0 O 0 0 0

2 .050 .050 .050 .050 .050 .050 .050
3 .100 .100 .100 .100 .100 .100 .100
L .150 .150 .150 .150 150 .150 .150
5 .200 .200 .200 .200 .200 .200 .200
6 .250 .250 .250 .250 .250 .250 .250
7 .300 .300 .300 . 300 .300 .300 L300
8 .350 .350 .350 .350 .350 .350 .350
9 400 400 .Loo 400 400 400 400
10 L1450 450 450 450 450 450
11 .500 .500 .500 .500

12 .550 .550 .550 <550 .550 .550
13 .600 .600 .600 .600 .600 .600 .600
14 .650 .650 .650 .650 .650 .650 .650
15 .700 .700 .700 .700 . 700 .700 . 700
16 L7125 .725 L7125 .725 L7125 725 .725
17 L7125 L7125 .725 725 .725 .725
18 .750 .750 .750 .750 .750 . 750
19 .800 .800 .800 .800 .800 .800 .800
20 .850 850 .850 .850 .850 .850 .850
21 .900 .900 .900 .900 .900 .900 .900
22 .980 .980 .980 .980 .980 .980 .980
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Figure 9.- Spanwise variations of section normal-force coefficients for spoiler configurations
tested.,

¢¢



4 a,deg
a,deg :8::_:"&:—":8_—‘“?-—:%:1é29
12 0
—0 6
_ o
T | — [ 2=
6 0=
0 0 = o ol _
G- — | | P |
CnC
c
-6 0
— 0— —O— _GL—O
e — [ -———_—t—  p—— | = | F
-2 0
__.——:@:—_—_——-—’:’I—Z"'m
—4 —— __9___————-_::——"“’_'— . ‘L
T Spoiler |
| o off i
-8t o _on !
"0 | 2 3 4 5 6 ¢ 8 9
2y
b

(b) Configuration 22, half-span swept spoiler.

Figure 9.- Continued.

(2



.8
4 : a, deg
o o s —_— ; 2 !
a,deg %@z"—:‘_—‘d ‘ I ———L—::O:-— e — |— —3
2 o+ |
I !
6 0
. 0
0 ¢ng 0-£t:t:_.——-fj—-——--——'—4}—————-___’1_,___ ]
c
"‘6 0 _6 —
-Q._—__:_.—‘-———”/_w‘-\\—\—————‘——'iq___—f‘ ¢
-2 0 //;
ot A
AN o e I N— %_q==;__—fﬂe
) - Spoiler
o off
-8 o Oh_
0 A 2 3 4 o) 6 ¢ 8 9 10
2
b
- (c) Configuration 23, half-span unswept spoiler.

Figure 9.- Contlnued.

e



8
4 a,deq
I SL NI SR 12
a,deg = —|— —
12 0
o 6
e — | — | — | | e e — [ —
6 0
0
Oong. Op—t—0 g == ==
-6 0 — I, —
LOy— Y V______—d——-————— - ______{_____/
e — i | l
-2 0 '/’1-
:__,:.lg—-@"/
-4 to— I e  ——r——=——a ,
T - Spoiler
off
-8 on
-0 | 2 3 4 D5 6 N 8 9 10
2y
b

(d) Configuration 2, half-span stepped spoiler.

. Figure 9.- Continued.

9%



4 a,deq
a,deq @—_——_—::ﬁj::‘:g—————?:~?_@-:\l\2~,@r__
2 0
5 __&4 6
o .| k=t
6 0
OCn% Of —O e 0O} O —£

-6 0 —
o— 0 —o— o=
‘-D————-D————-—g———-————»—‘/

-2 O
| -2 5

I O A S
r——————c~—————c—————“""/
-8
0 I 2 3 4 6 7 8
E2l
b

(e) Configuration 25, half-span trailing-edge spoiler.
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Figure 10.- Spanwise variations of section pitching-moment coefficients for spoiler
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(a) Configuration 21, full-span swept spoiler.

Figufe 11.- Spanwise variations of incremental section normal-force coefficients for spoller
configurations tested.
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Figure 11.- Concluded.
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(a) Configuration 21, full-span swept spoiler.

Figure 12.- Spanwise variations of the incremental section pitching-moment coefficients for the
spoller configurations tested.
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and pitching-moment coefficients with angle of attack for half-span
swept spoiler and half-span trailing-edge spoller configurations.
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Figure 18.- Comparison of variation of incremental 1lift, bending-moment,
and pitching-moment coefficients with angle of attack for half-span
unswept spoller and half-span trailing-edge spoiler configurations.
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